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Watertown Arsenal Laboratory
Report Number WAL 710/265-1 I 21 July 1944-,
Problem VNumber B-3.l/ 1S~~

AIRCRAFT ARM __
Perforation Resistance Characteristics of Magnesium Alloys,

Dowmetal (Type FS, J-l).

OBJECT

To investigate the feasibility of using Dowmetal as armor in aircraft.

CONCLUSIONS

!. 'Dowmetal, while affording resistance to perforation by small

arms Projectiles comparable, on a weight-per-weight basis, to that of

good quality non-magnetic steel, nevertheless exhibits severe tendencies
toward spalling which militate against its use as armor.

2. Tho resistance to perforation of Dowmetal by cal..'30 AP M2,
cal. .50 AF 142 or 20 15[. AP M75 projectiles at normal incioence and
throughout the entire range of obliquities investigated (01 to 76I is - .
well represented by the following equation:

Vn " 1535 (el/d).5
coo e

where Vn is the Navy ballistic limit in feet-per-secoAd, eI is the
thickness (in feet) of a piece of steel equivalent in weigt per unit
surface area to the subject thickness of Dowmetal, d is the diameter
of the projectile (core) in feet, and e is the angie of obliquity from
the normal.
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Aset. Engineer
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RESTRICTED

INTRODUCTION

As an aid to the designer and fabricator of aircraft armor, a
study of the Perforation resistance characteristics of various types
of materials which might be used as aircraft armor has recently been
completed at this arsenall.

This study has shown that duralumin (24 ST), an aluminum alloy,
exhibits high resistance to perforation by small arms projectiles and,
on a weight-for.-weight basis, at high obliquities affords even greater
resistance than steel armor. It is reasonable to attribute the weight-
for-weight superiority of duralumin over steel at high obliquity to the
greater thickness-per-unit-weLght of the lighter alloy.

Since Dowmotal has even greater thickness-per-unit-weight than
. duralumin and has wide use in the aircraft industry, samples of this

magnesium alloy have been stdied concurrently.

In an earlier report 2 the results of firing at Dowmetal (FS) were
set forth. This report reviews and corrects those data and integrates

t with thom the rcvilts of fi::ing at the J-1 alloy of the some material.

TEST PR0CEDURE

Ballistic tests at normal incidence and at nominal obliquities of
300, 450, 600 and 750 from the normal were conducted on a one-hundred

yard 4 fiiing range, utilizing a cal. .50 Browning Machine Gun
barrel and a cal. .30 MYann barrel mounted in a machine rest which .
permits horizontal and vertical orientation of the gun to control the
Placement of shots on the target and to compensate for any fluctuation
in trajectory Incidental to a variation in velocity. A 20 W.I. gun
mounted in a 3' field piece permitting similar maneuverability was used
for heavier fire.

(Upon checking, the nominal obliquities of 300, 450, 600 and 750
wore found to be actually 320, 450, 590 and 690271, respectively.)

Striking velocities were determined by the use of a pair of
Aberdeen Ohro;iographs connected to screens of metal foil mounted on
wooden frames. By such a device the average velocity of the projectile
over the distance between the screens was determined from which the
striking velqcity was computed from prepared correction tables.

1. Watertown. Arsenal Laboratory Report No. WAL 710/506, "Aircraft
Armor - An Empirical Approach to the Efficient Design of Armor for
Aircraft", dated 31 January 1944. -

2. Watertotm Arsenal Laboratory Report No, WAL 710/265, "Aircraft
Armor -. Ballistic Characteristics of a Magnesium Alloy, Dowmetal
type F-)", dated 22 October 1943.

-2-....



RESTRICTED

Before firing. 'powder charges wore estim~ated to produce the required
striking velocity for each round and rounds were accordingly assembled
from appropriate components.

RESULTS

The results of the ballistic tests have been summarized in
Tables I to X and graphically represented in Figures 1 to 10. Values
of e and el in these tables are listed in terms of inches, although
el/d valucs have been completed with both el and d in terms of feet.

The estimated resistance to perforation of several armor materials

equivalent on a weight-for-weight basis to steel whose thickness equals
the diameter of the attacking projectile (core) is listed in Table XI
and illustrated in Figure 11.

The detailed records of firing are maintained in the files of the
Armor Section of this laboratory and in the interests of conservation
of materials have not been reproduced herein.

DISCUSSION

In order to facilitate a comparison of the perforation resistance
efficiency of Dowmetal with that of other armor materials, its performance
at the various obliquities investigated has been evaluated in terms of
the Thompson coefficient3 and plotted against el/d cos 0 in Figures 1

to 10. From these figures there has been estimated the resistance at

3. The Thompson coefficient (F) is a measure of the ballistic efficiency
of armor and is obtainable from the following:

F2 . m V2 cos 2 e -

where m is the weight of the projectile in pounds, V is the limit
velocity in feet-per-second, 8 is the angle of obliquity from the
nor.al, e is the thickness of the plate in feet and d is the
diavmeter of the projectile (core) in feet.

For t' purpose of comparing the efficiency of materials of different
density with that of steel on the basis of nrotection afforded per
unit-weight used to protect a unit of area perpendicular to the
line of fire el Pay be substituted for e in this equation el being
that thickness of steel which is equivalent in weight to tE- subject
thickness (0) of the material whose effic-U 7bed.
In this re'ort e) e . ..or.wItl { [I I-

01 e for duralunin;

2..

W2 W Wo'

* U U U ° U. °° V . V °



ESTRICTED

various obliquities of a thickness of Dowmetal equivalent in weight-per-
unit-surface-area to a thickness of steel equal to the diameter of the
attacking projectile (core), and these values have been listed in
Table XI and plotted in Figure 11 against typical values for other armor
materials.

It will be noted that over the range of obliquities where data
is available, the resistance of Dowmetal is greater on a weight-for-
weight basis than that of non-magnetic steel armor. However, the
inherent npalling tendency characteristic of Dovnmetal in this
condition militates against its substitution for austenitic steel in
installations requiring armor with non-magnetic properties. Duralumin
affords much greater resistance with less tendency toward spalling
and is thus a more favorable substitute.

In the earlier report calculations of the F function were based
on the presumption that the nominal obliquities were accurate. As a
result of these calculations it was concluded that the value of that
figure of merit, substntially constant over a wide range of obliquity, ,
apparently fell off at obliquities greater than 600. Precise measure-

S~~ment of the obliquities, however, discloses that the nominal
obliquities were not accurate and in the case of the assumed 750
obliquity, the angle at which the testing was actually perforned was
69027'. Recalculation of the Thompson Coefficient on the basis of the
corrected values resulted in substantial constancy of their values
throughout the entire range of obliquities observed.

Thus the formula: Vn 1535 (el/d)'5

Cose

considered in the previous work to be applicable only up to 600 now
appears to be valid over the entire range of observation (Or- to 700).
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TABLZ XI

Navy Ballistic Limits (Estimated) at Various Obliquities of

Different Armor Materials Equivalent on

z-: a Weigt-for-Weight Basis to Steel Whose

Thickness Eauas- the Diameter of the

Attacking Projiectile (Corel

(See also Figure 1)

*00 222Jo 450 600

Pace-Hardened Steel 2130 2390 2970 3920

Homogeneous Steel (BHNl 340-.36o) 1650 20140 2670 3530

Non-Magnetic Steel (Spec. ANOS-3) 1300 1725-

Thirtaumin (214ST) .S2O 19140 262.0 4025

Dowmetal (FS) 1600 1790 2170 3014.5

*A

* w w w w w w w w w w -W w w w
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